invadens.
No fluorochrome stain, however, has enabled one to observe the nuclei or chromatoid bodies in Entamoeba cysts.
It is well known that 4',6-diamidino-2-phenylindole (DAPI) and propidium iodide (PI) bind specifically to double-stranded DNA and nucleic acids (DNA and RNA), respectively (2) (3) (4) (5) . During epifluorometric studies on DNA content of E.
invadens cysts with DAPI and PI (unpublished), we found that these fluorochromes stained the nuclei bluish white and the chromatoid bodies red. In this paper, we (Fig. 1B) . Frequently, however, some nuclei in the trophozoites and cysts changed from bluish white to pink by an unknown reason.
It has been reported that the chromatoid bodies are composed of crystallinearrayed ribosomes (11) . To find whether the red-colored materials are really chromatoid bodies, DAFT-stained samples of E. invadens cysts were treated with Then, the red-colored chromatoid bodies disappeared by the time of full maturation of the cysts, and the cytoplasm displayed entirely red (Fig. 1H) . M2R was applied to live and fixed cysts of E. invadens, E. coli, and E.
histolytica. Under ultraviolet excitation, all cysts of these species displayed bright blue rings that correspond to the cyst walls (Figs. 1J-M) , whereas live trophozoites were not stained (compare Fig. 1I with 1J ). As M2R penetrates the walls of the fixed cysts (1), the inside chromatoid bodies were frequently observed (Figs. 1L, N) .
Trophozoites became stainable after fixation (data not shown).
Application of DAPI, PI, and M2R to Other Protozoans
Good coloration was obtained by the DAFT-PT staining method on every parasite mentioned below, but the nuclei were sometimes stained pink to pinkish white as was the case with Entamoeba. Figs. 2A-B show the results of DAFT-PT staining applied to the trophozoites and cysts of Giardia lamblia. Their nuclei displayed blue to white fluorescence, whereas the cytoplasm appeared red with PI. When the fixed cysts were stained with M2R (Fig. 2C) , the dye penetrated into the cytoplasm, exhibiting only entire dim blue fluorescence. Fig 2D shows a trophozoite of Balantidium coli stained with DAPI and PI.
The macro-and micro-nuclei and the cytoplasm were well observed by this staining. When the double staining method was applied to a freshly-fixed stool specimen from a patient who complained of diarrhea, Chilomastix mesnili cysts were found in it (Fig. 2E) . The nucleus exhibited bluish white color in the redstained cytoplasm. The cytostome-like structure that could not be stained with PI was also distinguished in the stained cytoplasm. The cyst wall stained with M2R fluoresced in strong blue color tone (Fig. 2F) . Care should be taken in discrimination of C. mesnili cysts from yeasts that may have similar size or M2R-positive cell walls. Oocysts of Cryptosporidium sp. stained with DAFT and PI are shown in Figs. 2G-H. Besides the four nuclei stained with DAFT and the cytoplasm stained with PI, a residual body was easily identified as a blue or greenish structure. M2R did not stain the oocyst wall (data not shown).
DAFT -PI staining was applied also to blood and tissue protozoans such as Plasmodium yoelii (Figs. 2I-J), Trypanosoma brucei (Fig. 2K ), Toxoplasma gondii ( Fig. 2L ) and Pneumocystis carinii (Figs. 2M-N) . P. yoelii (Figs. 2I-J) all stages including free merozoites was well stained with these dyes, whereas normal red blood cells were not. Due to red coloration of P. yoelii cytoplasm, the double staining made it easier to identify each of th ese developmental stages from others except late trophozoites and young gametocyt es.
The cytoplasm of mature macrogametocytes was stained bright red , while that of mature microgametocytes appeared blue to reddish blue .
The nuclei of trypomastigotes of T , brucei displayed reddish or bluish white fluorescence, while their kinetoplasts and cytoplasm appeared blue a nd red, respectively (Fig. 2K) . Some of non-infected erythrocytes were stained red with PI .
They were considered to be reticulocytes which contain ribosomal RNA .
Tachyzoites of T. gondii stained with DAPI-PI are shown in Fig . 2L . The nucleus, cytoplasm, and mitochondrion of the parasite emitted bluish whit e, red, and blue fluorescence, respectively .
Figs. 2M-N show a cyst and trophozoites of P . carinii stained with DAPI and PI. The nuclei of the intracystic bodies ( Fig . 2M ) and trophozoites ( Fig. 2N) were stained bluish white, and their cytoplasm emitted bright red fluorescence .
Reticulocytes were also well observed . M2R did not stain the cyst wall (data not shown).
DISCUSSION
We demonstrated a simple and rapid technique for staining parasitic protozoans with DAPI and PI by which differential coloration of the nucleus from the cytoplasm could easily be achieved within several seconds . Compared with the staining with DAPI alone, the coloration of cytoplasmic RNA with a subsequent PI-stain made the outline of the parasites clearer and increased the brightn ess of the field of vision. Furthermore , differential staining of nuclei with DAPI from cytoplasm with PI enabled one easier discrimination of the parasites than in singl e staining with any of the known fluorescent dyes such as DAPI (3 -5) , mithramycin (12) , acridine orange (13, 14) , rhodamine (15, 16) , ethidium bromide (17) and auramine (18, 19) . It should be noted that double staining with DAPI -PI was inadequate to observe mitochondrial DNA except that in T . brucei and T, gondii, and that pigment granules or some organelles such as flagella and undulating membrane were not visualized . Further, the nuclei of protozoan parasites were frequently stained pink to pinkish white . We cannot explain why this color change happens, particularly in E . invadens cysts treated with RNase .
As reported by Kuroiwa et al . (9) (18, 19, 21) . Except for a modified acidfast stain (19, 21) , however, it is difficult to observe the internal structure of the oocyst. By DAPI-PI staining, we can easily differentiate the nuclei, the crescent structure of sporozoites, and the residual body in three different colors. It is worthy to note that rapid scanning as well as reliable identification of Cryptosporidium sp.
were feasible by observing both the oocyst wall and the inside fluorescence with combined light and fluorescence microscopy. 
